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IKTRODUOTIOS 

AXf&lfa  has  long  b«en  used  as  a  rougtaaga  for  dairy  cattle. 
It  la  also  frequently  used  with  other  roughagea  such  as  pasture, 
allege  or  other  haya*  Alfalfa  can  be  fed  as  long  hay,  chopped 
hay  or  perhaps  also  as  pellets* 

Dehydrated  alfalfa  pellets  have  aeveral  advantages  over 
long  bay  in  the  lotions  of  dairy  cowe.  Among  these  may  be 
Mentioned  the  saving  of  storage  space  and  reduced  waste.  Pellets 
also  are  easier  to  handle  than  long  hay.  One  pound  of  dehydrated 
alfalfa  pellets  has  been  estimated  (1)  to  have  the  vitamin  eon- 
tent  of  two  pounds  of  alfalfa  hay.  Another  advantage  would  be 
in  the  preparation  of  mixed  feeds  in  which  the  pellets  can  be 
ground  with  other  feeds. 

REVIBW  OP  LITIRATURK 

Powell  (19)  reported  that  the  feeding  of  the  entire  rough- 
age in  the  finely  ground  form  results  in  a  decrease  in  both  pro- 
duction and  fat  content  of  milk*  However,  Eape  and  Cannon  (IS) 
found  that  the  percentage  of  fat  in  milk  was  not  influenced  by 
grinding  the  roughage  to  a  meal.  A  study  using  long  or  finely 
ground  alfalfa  was  made  by  Cole  and  Mead  (8).  They  observed  the 
following  undesirable  symptcana  only  when  the  finely  ground 
roughage  was  fedt  irregular  rumination,  frequent  bloat,  de- 
l^raved  appetitea,  and  reduced  food  conaumption  when  canpared 
with  the  consiBsption  of  long  alfalfa. 


Many  factors  haye  been  eonalderad  in  relation  to  differ- 
•neas  In  the  compos itlon  and  properties  of  butter  and  butter- 
fat.  Eckles  and  Palmer  (11)  nade  a  study  of  the  Influence  of 
overfeeding,  and  obserred  vhat  they  called  normal  Relchert- 
Melssl  and  saponification  numbers.  t»ater  in  a  study  of  under- 
feeding (12)  they  reported  an  increase  in  the  iodine  number  and 
a  decrease  in  saponification  and  Reichert-Meisal  numbers.  Vari- 
able results  were  reported  on  the  melting  points* 

It  has  been  reported  that  the  Heichert-Heissl  and  iodine 
numbers  of  Irish  butter  (2)   and  Welsh  butter  (10)  show  a  seasonal 
change*  Other  workers  have  reported  similar  results.  In  a 
study  of  the  seasonal  changes  in  the  properties  of  butterfat  in 
Oregon,  Stout  and  Stein  (25)  reported  the  iodine  and  Reichert- 
Meissl  numbers  were  highest  during  the  spring  months  and  lowest 
during  the  winter  months*  Others  (9,  18,  24)  also  have  reported 
that  either  the  iodine  or  Relchert-Meissl  numbers  are  low  in 
winter  and  high  in  SEa?ing.  There  is  one  conflicting  report  (23). 
These  differences  have  been  attributed  to  changes  in  temperature 
or  foods. 

Hilditch  and  Sleightholme  (18)  suggested  that  changes  of 
seasonal  temperatiire  result  In  a  change  In  the  cwnposition  of 
butter.  Prey,  Cannon,  and  Bird  (14,  15)  found  a  relationship 
between  the  external  tenperature  and  the  iodine  number  of  butter- 
fat.  However,  Bansen  and  Shaw  (16)  reported  that  low  and 
rapidly  changing  tsmperatures  did  not  influence  the  Iodine  or 
Heichert-Melssl  numbers  of  butterfat  produced  on  an  alfalfa  hay 


ration,  Bartley  et  al.  (5)  also  reported  that  tenperatura 
obaxigaa  did  not  materially  affect  the  iodine  number* 

Several  workers  have  reported  effects  of  feeding  experi- 
ments with  alfalfa  and  its  relation  to  the  properties  and  con* 
position  of  butter.  There  appears  tfo  be  some  conflict  in  the 
reported  effects  of  alfalfa  hay  upon  the  Heichert-Meissl  and 
iodine  numbers  of  butterfat.  Hansen  and  Shaw  (16)  reported  that 
an  alfalfa  hay  ration  would  decrease  the  Reiehert-Meiasl  number 
and  increase  the  iodine  number*  This  was  in  agreement  with  the 
findings  of  Richardson  azKi  Abbott  (20) •  Wilster,  Jones,  and 
Raag  (29)  observed  that  when  alfalfa  hay  was  the  sole  ration 
the  butterfat  was  low  in  both  Reichert-Meissl  and  iodine  numbers. 
The  addition  of  grain  increased  the  ReichertoKeiasl  number  and 
decreased  the  iodine  number. 

Other  factors  such  as  breed  and  stage  of  lactation  (5,  16, 
18)  are  also  reported  to  affect  the  Reichert-Meissl  and  iodine 
numbers  of  butterfat.  However,  these  factors  were  taken  into 
consideration  in  the  grouping  of  the  cows  used  in  this  experi- 
sent. 

Modifications  of  the  Hanua  (8,  17),  Wijs  (5,  28),  and 
Winkler  (4,  27,  SO)  methods  have  long  been  used  to  determine 
iodine  numbers.  Later  a  pyridine  sulfate  dibronide  method  was 
developed  by  Rosenmund  and  ICuhnhenn  (21).  This  method  was  modi- 
fied by  Yasuda  (31)  in  determining  the  iodine  number  of  lipids. 
Also  this  method  was  used  by  Blrd^  to  determine  the  iodine  number 


1  Prof.  1?.  W.  Bird,  Iowa  State  College,  Ames.  Private  coamnmi- 
oation. 


of  butterfat*  Bird  suggested  that  the  pyridine  s\ilfate  dlbronld* 
method  la  au>re  aultable  than  tha  othar  methoda  In  datermlnlng 
the  Iodine  numbers  of  butterfata.  Ha  found  that  the  Wlja  method 
ylelda  high  Taluea  with  butt erf at  and  that  the  Hanus  and  pyridine 
sulfate  dlbromida  nathode  check  within  a  few  per  cent  only  If 
exactly  equivalent  quantities  of  brctnlne  and  Iodine  were  used  In 
preparing  the  Hanue  reagent* 

At  thla  point  It  might  be  reported  that  the  method  of  Toms 
(26)  wae  unsuccessfully  tried  In  this  laboratory.  Bird  alao 
agraaa  that  this  method  la  not  adaptable  to  butterfat* 

fha  object  of  the  present  experiment  was  to  determine  If 
m^lne  cured  alfalfa  pellets  could  take  the  place  of  pasture  In 
maintaining  the  high  Iodine  ntanber  of  spring  butter* 

PROOBDtJRB 

Pour  series  of  feed  trials  using  nine  different  rations 
were  used  by  the  Department  of  Dairy  Husbandz^  to  conpara  de- 
hydrated chopped  or  pelleted  alfalfa  with  chopped  8un»eured 
alfalfa  hay.  The  first  series  wae  not  designed  to  differentiate 
direct  effects  of  feed  on  fat  quality  from  indirect  effects 
throug^b  changes  in  amounts  of  milk  and  fat  produced.  In  Sariea 
2  and  S  the  planes  of  nutrition  and  production  were  not  greatly 
changed  and  will  be  discussed  elsewhere  (6).  In  Series  4»  pro- 
duction was  deoreaaed  much  leas  by  the  dehydrated  hay  than  by 
the  pellets  in  Series  1  but  here  alao  part  of  the  change  in  fat 
constants  may  hare  baan  due  to  changaa  in  production.  In  each 
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furies  the  groups  of  eows  vcr«  made  as  similar  as  possible  in  re* 
gard  to  milk  production,  atage  of  laetation,  weight,  and  breed* 
Oraaai  aastplea  fron  nilk  produced  during  each  of  the  4  series 
were  obtained  for  analysis  of  fat  eonstants* 

An  aliquot  of  each  milking  for  the  last  two  days  of  each 
week  was  collected  from  aach  cow.  Theae  aliquot s  were  c<snpo8lted 
for  each  group  of  cows  in  the  first  series  of  feeding  trials  and 
for  each  individual  cow  in  other  series*  Each  oonposite  waa 
pasteurised  30  minutes  at  145^  F*  and  separated  in  a  Sharpies 
superoentrlfuge.  To  determine  if  there  was  sufficient  ansyaa 
oxidation  during  storage  to  change  the  iodine  number,  on  three 
occasions  the  milk  composite  fron  each  cow  was  divided  into  two 
parts*  One  portion  was  pasteurised  end  the  other  left  raw*  The 
creams  thus  obtained  by  the  Department  of  Dairy  Husbandry  were 
stored  at  5°  C*  imtil  churned* 

Details  of  the  nine  rations  are  shown  in  Table  1*  The  four 
aeries  of  feading  programs  are  indicated  in  Table  2*  In  Series 
1,  three  groups  of  six  cows  each  were  used  to  compare  rations  A, 
B,  and  C*  A  aingle  reversal  trial  with  periods  of  10  waeka  and 
6  waeka  was  used* 

Another  feeding  period  was  started  after  the  sixteenth 
week*  However,  pbysiologioal  dlaturbanoes  cauaed  acme  of  the 
cows  to  be  withdrawn  and  soma  faads  to  be  modified*  Therefore, 
no  interpretation  of  fat  constants  obtained  during  this  period 
can  be  made* 

Two  other  groups  of  six  cows  each  were  used  in  Series  2   of 


• 

the  •xperlment  to  oompftr«  ration  B  eontalning  17  p«r  cent  de» 
hydrated  alfalfa  pelleta  with  ration  D  (oontpol).  In  ^^e1•i•«  S 
two  groups  of  ^•yr9n  oows  each  were  used.  In  this  series 
ration  F,  In  which  about  55  per  cent  of  the  ro\ighage  was  de* 
hydrated  alfalfa  pellets,  was  compared  with  ration  D«  Both 
Series  2   and  5  were  double  reversal  trials. 

Series  4  was  designed  to  test  effects  of  machine  dehydrating 
without  grinding  the  rou^iage*  Two  groups  of  three  oows  each 
were  used  in  this  series*  Both  groups  were  on  ration  0   for  two 
weeks*  Iroup  VIII  was  then  two  weeks  on  ration  H  followed  by 
two  weeks  on  ration  J*  Oroup  IX  received  ration  J  for  two  weeks 
followed  by  ration  H  for  two  weeks* 


Table  1.     Rations  used  In  the  experiments. 


Ration  t  Cwapositlon 


A  Qrain  mixture*,  chopped  stm-eured  alfalfa  hay 

B  Qrain  raixtxire,  deh3rdrated  alfalfa  pellets 

0      Grain  mixture,  ehopped  «un*>eured  alfalfa  hay  (26^), 
dehydrated  alfalfa  pellets  (75;^) 

S      Orain  mixture,  chopped  sun-cured  alfalfa  hay,  silage 

B      Qrain  mixture,  chopped  sun-cured  alfalfa  hay,  de- 
hydrated alfalfa  pellets  (^  lb*  per  100  lbs*  body 
weight),  silage 

F      Qrain  mixture,  chopped  sun-cured  alfalfa  hay,  de- 
hydrated alfalfa  pellets  (1  lb.  per  100  lbs*  body 
weight),  silage 

0      Qrain  mixture,  pasture 

8  Qrain  ralxttire,  chopped  sun-cured  alfalfa  hay 

i  Grain  mixture,  chopped  dehydrated  alfalfa  hay 


*  Grain  mixture t  Com,  oats,  bran,  soybean  oil  meal,  salt, 

bone  meal. 
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Table  2.  Plan  of  tha 

feeding  eacperimente. 
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laar  the  and  of  the  experiment  there  appeared  an  article  by 
BezdUUR  and  Klee  (7)  concerning  the  use  of   mercuric  acetate 
catalyst  in  determining  iodine  numbess  by  the  pyridine  eulf ate 
dibromide  method*  They  tested  their  method  on  many  fate  but  did 
not  include  butterfat.  The  iodine  number  of  butterfat  was  de- 
termined in  a  aeriea  of  experiments  with  and  without  catalyst. 
A  much  lower  amount  of  catalyst  was  necessary  than  the  850  ag 
used  by  Benham  and  Klee.  As  a  catalyst  1  ml  of  0*10  per  cent 
Mercuric  acetate  solution  was  found  to  be  adequate.  Fresh 
catalyst  was  prepared  dally.  The  only  change  in  procedure  was 
an  increase  in  the  per  cent  potassium  iodide  solution  used. 

To  prepare  a  sample  for  analysis,  the  butterfat  was  first 
melted  in  warm  water.  Then  approximately  0»07  g  of  butterfat  was 
weighed  into  a  25  ml  vol\2metrio  flask  atd  dissolved  in  chloroform. 
A  10  ml  aliquot  was  added  to  each  of  two  iodine  flasks.  The 
stopper  of  each  flask  was  sealed  with  a  drop  of  phosphoric  acid. 

The  pyridine  sulfate  dibrcmide  reagent  was  prepared  at  a 
strength  of  approximately  0.05  N,  A  specially  constructed 
pipette  was  used  to  add  the  reagent  to  the  iodine  flask. 

The  reagent  was  added  to  the  flask  as  follows t  the  pipette 
was  allowed  to  fill  with  the  reagent  until  the  upper  mark  was 
reached.  Then  the  stopper  of  an  iodine  flask  was  removed  and 
the  flask  placed  xinder  the  tip  of  the  apparatus.  The  lower 
stopcock  was  opened  and  the  reagent  was  allowed  to  drain  rather 
rapidly  into  the  flask.  Vvlien  the  pipette  was  about  three- 
fourths  empty  the  pressure  was  lowered  so  that  the  reagent  slow- 
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ly  drained  Into  the  flask.  3y  allowliig  the  reagent  to  drain 
slowly  into  the  flask  it  was  possible  to  aoourately  control  ths 
MBOunt  of  brominatlng  x^eagent  added  to  the  flask* 

After  the  reagent  was  added  to  the  Iodine  flask,  the  flask 
was  sealed  with  a  drop  of  potassium  iodide  solution.  The  flask 
was  then  placed  in  the  dark  for  15  minutes  ard  the  reaction 
stopped  by  adding  five  ml  of  a  2  per  cent  potassium  iodide  solu* 
tion.  Innsdiately  after  the  addition  of  the  potassium  iodide 
the  liberated  iodine  was  titrated  to  a  pale  yellow  color  using 
exactly  0.02  N  sodium  thiosulfate.  Then  two  ml  of  a  1  per  cent 
starch  solution  was  added  and  the  titration  continued  until  the 
end  point  was  reached*  Approxi:nately  0«10  N  sodium  thiosulfate 
was  standardised  and  a  portion  of  this  concentration  diluted  to 
the  strength  used  in  the  titrations. 

The  Reichert-Melssl  and  Polenske  numbers  were  determined 
using  the  AOAC  method  (5). 

RESULTS 

Tables  3  to  9  contain  all  data  collected  concerning  the  fat 
constants.  It  will  be  observed  that  the  Relchert-Meissl, 
Polenske,  and  iodine  numbers  are  not  given  for  each  sample  in 
the  tables.  This  was  partly  due  to  the  fact  that  many  ssonples 
obtained  d\tring  the  early  weeks  of  the  experiment  were  too  small 
to  permit  analysis  for  all  of  the  fat  constants.  To  peiwit 
tests  on  an  unexpectedly  large  number  of  samples  many  of  thi 
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later  eamples  were  analysed  for  iodine  nxanbers  only. 

The  fat  conatantt  given  in  Tables  5  and  4  are  for  Oroupa 
1,  11,  and  1X1  of  Series  1.  Results  given  In  Table  4  are  not 
subject  to  interpretation  due  to  variations  in  cows  and  feeds* 

Tables  5  and  6  contain  the  Reiohert-^Meissl,  Polenske,  and 
iodine  numbers  obtained  frcxn  butierfat  produced  when  a  portion 
Of  the  roughage  was  alfalfa  pellets.  However,  in  Tables  7  and 
6  only  iodine  numbers  are  reooznied.  Iodine  numbers  found  in 
Table  8  were  determined  with  and  without  mercuric  aaetate  as  a 
catalyst.  Iodine  numbers  for  Series  4  are  found  in  Table  9. 
Statistical  analyses  of  the  data  obtained  during  the  experiment 
are  given  in  Tables  10  to  25. 
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Table  7. 

Iodine  numbers  of  butterfet  fx'om  raw  (R)  ami  paateur- 
iaed  milk  from  cowe  fed  Rationt  P,  with,  and  D,  with- 
out, dehydrated  alfalfa  pellets  as  56  per  cent  of 
roughage  for  weeks  24  to  25.  Iodine  numbers  for  week 
24  were  determined  lAien  the  sample  was  fresh  (f )  and 
after  storage  for  about  three  months  at  5°  C. 

April 

19 

24 

:   24  R 

:  April  26 
}    25 

24  (f) 

:  24  R  (f  t 

Oroup  VI,  Ration  P  for  week  24 
Ration  D  for  week  26 

140A 

80.5 

80.6 

81.8 

80.7 

52.0 

160A* 

58.0 

88.4 

84.6 

86.1 

88.4 

170A* 

28.5 

29.2 

29.0 

81.6 

28.6 

871A 

52.1 

81.2 

81.0 

81.6 

S7SA 

28.4 

•8.8 

29.6 

28.0 

80.2 

800B 

28.0 

28.8 

28.1 

24.6 

80.6 

80iB 

27.8 

80.2 

88.1 

50.6 

27.4 

S94A 

29  .e 

28.4 

80.1 

89.0 

27.5 

496A 

85.2 

80.8 

29.9 

29.4 

82.9 

Group  VII,  Ration  D  for  week  25 
Ration  P  for  week  24 

155A 

26.8 

26.2 

27.8 

26  .8 

86.7 

164A* 

88.8 

58.6 

84.7 

81.9 

85.6 

166A* 

80.0 

27.2 

81.4 

29.2 

29,4 

891A 

28.6 

28.5 

24.9 

88.7 

25.2 

275A 

25.2 

26.4 

27.6 

26.2 

26.6 

575A 

25.6 

22.8 

26.1 

88*e 

86.4 

805B 

28.4 

24.6 

28.0 

86.8 

24.5 

270A 

29.7 

89  .8 

80.4 

80.2 

27.2 

496A 

25.4 

84.9 

26.4 

25.0 

41.4 

*  Cow 

was  usable  to  oonplete  the  experiment. 
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TabXft  9.  Iodine  numbers  of  butterfat  from  two  groups  of  cows 

fed  pasture  (nation  0) ,   sun-oxired  alfalfa  hay  (Ration 
H),  and  dehydrated  alfalfa  hay  (Ration  J). 

Oof« 

1 

1 

Iodine  number 

Group  VIII 
Ist  week 

fed  Ration  G 
2nd  week 

XMA 
169A 

27SA 

40.2 
56.8 
89.8 

40.5 
56.8 

40.8 

Group  VIII  fed  Ration  H 
Srd  week    4th  week 

IBSA 

169A 
27aA 

50.0 
26.0 
50.4 

Group  VIII 
5th  week 

SI  .2 
28.6 
8S*1 

fed  Ration  J 
6th  week 

165A 
169A 
97SA 

57.0 
88«4 
88.9 

56.6 
55.8 
55.6 

Group  IX  fed  Ration  G 
lat  week    2nd  week 

140A 
170A 
276A 

57.7 
59.6 
58.2 

89.0 
88.5 

57.2 

Group  IX  fed  Ration  J 
5rd  week    4th  week 

140A 
170A 
e75A 

86.2 
54.5 
52.8 

85.2 

54.6 
56.4 

Group  IX  fed  Ration  H 
5th  week     6th  week 

140A 
170A 
275A 

29.8 
51.8 
27.2 

28.8 
27.0 
26.8 

Table  10*  Relative  Reiohert-Meitel  and  iodine  values  for 

Beriee  1  expressed  as  percentages  of  fat  oonstants 
froa  butterfats  produced  on  rations  shown* 
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Relative 

Reiohert-Melssl  numbers  (I 

Ration-ratio  x  100) 

Group 

Ration 

Ration- 
ratio 

WMk  6 

Wssk  8 

Wssk  9 

I 

II 

III 

A 

B 
0 

B/0 
A/C 
B/A 

116 

85 

96 

116 

88 

85 
95 
89 

Oroup 

Ration 

Ration- 
ratio 

Week 
U 

Wsek 
18 

Wssk 
14 

WMk 

Wssk 

18 

II 

I 

IIX 

A 

B 
C 

B/C 
A/C 
B/A 

106 
101 
105 

111 
104 
107 

96 

104 
98 

92 

106 

87 

99 

104 

95 

Relative  iodine 

maabers 

(Ration-ratio 

X  100) 

Oroup 

Ration 

Ration- 
ratio 

Wsek 
11 

Wesk 
18 

Wssk 
14 

Wssk 
15 

Wssk 
16 

IX 

I 

III 

A 
B 
0 

B/C 
A/C 
B/A 

if 

99 

104 
87 

120 

108 

88 

116 

114 

86 
155 

118 

95 

122 

24 

The  fat  conttanta  In  Table  10  (Serlea  1)  are  expreaead  aa 
ft  percentage  of  both  the  iodine  and  Relehert-Melssi  numbera  of 
butterfat  produced  on  rations  containing  alfalfa  hay  or  pelleta 
fta  ocnpared  with  conatanta  from  the  control  ration  containing 
both  hay  and  pellets.  Valuea  are  given  also  for  the  ratio  of 
tbeae  oonatants  for  the  ration  containing  palleta  expreased  as 
a  per  cent  of  the  values  from  the  group  fed  alfalfa  hay*  No 
fat  conatanta  in  thia  aeries  were  determined  until  the  fifth 
week  of  the  experiment.  For  weaka  5,  B,   and  9  the  Reiehert- 
llalaal  numbera  for  the  group  receiving  palleta  were  raapeotively 
89,  8S,  and  89  per  cent  of  similar  valuea  for  the  group  reoeiv« 
ing  hay.  In  the  last  three  weeks  of  the  second  period  (weeks 
14,  15,  16)  almilar  peroentagea  were  92,  87,  and  95.  For  tiie 
first  two  weaka  after  the  reversal  of  feeds  (weeks  11  and  12), 
the  previous  relation  of  Reiohert-Meissl  numbera  ia  shown  by 
peroentagea  of  106  and  107,  respectively.  Iodine  numbers  were 
not  determined  for  the  first  feeding  period  but  were  nearly 
equal  one  week  after  reversal  (week  11)  and  by  the  following 
vaek  had  beeone  20  per  cent  greater  for  the  group  receiving  pel- 
lets. 

Reichert-Meiasl  nvanbers  of  butterfat  produced  by  Groups  IV 
and  ?  fed  rations  1>  (alfalfa  hay)  and  E  (alfalfa  pelleta)  are 
studied  in  Table  11*  For  the  eleventh  week  the  value  averaged 
27.25.  During  the  sixteenth  waek  It  decreased  to  27.11.  When 
Snadecor*s  "t"  test  was  applied  to  the  data  in  the  table,  no 
aignlfleance  was  found  between  group  means* 
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Tftble  11 

•  Relohert 

•Meissl  numbers  of  butterfat  produced  fron 

two  groups  of  eows  fed  alfitlfa 

bay  (Ration  D)  and 

alfalfa  pellets  (Ration  E),  Test  for  signifioanse 

of  mean 

differences.* 

: 

<Veek  11  t 

Week  16  t 

I 

t  Squared 

Cow  t 

aci     t 

S2           t   ^(xi-zg) 

t   Deviation 

t  deviation 

Group  IV 

Ration  F 

Ration  D 

152 

88.8 

88.8       O.S 

0.15888 

0.0260 

164 

26.8 

26.5       0.5 

0.85855 

0.1288 

270 

26,4 

86.2       0.2 

0.05858 

0,0055 

S18 

86.9 

86.9       0.0 

-0.14167 

0.0202 

S94 

85.8 

87.5      -1.7 

-1.84167 

5.5950 

4M 

80.1 
Ration  D 

S0.2      -O.l 

Oroup  V 
Ration  S 

-0.24167 

0.0588 

268 

27.0 

26.2       0.8 

0.65855 

0.4550 

128 

25.0 

24.0       1.0 

0.85855 

0.7568 

160 

27.0 

26.7       O.S 

0.15855 

0.0250 

908 

26.5 

85,8       0.7 

0.56855 

0.5114 

891 

89.6 

88.4       1.8 

1.05855 

1.1256 

491 

27.4 

28.9      •!.§ 

-1.64167 

2.6896 

Total 

527.0 

526.5       1.7 

8.9471 

liaan 

27.25 

27.10855    0.14167 

•t- 

0.54415 

t  for  6  per  cent  level  «  g,20l 

86 

The  average  Relohert-Meiaal  nimbers  for  Groups  IV,  V,  VI, 
and  VII  (Series  2  and  S)  were  27.5,  26*9,  27.0,  and  27.7  re« 
•peetlvely.  Since  there  were  no  significant  changes  in  th« 
Heiohert-Helssl  mnbers  during  periods  3,  4,  and  5  (Series  2)  of 
the  experifflents  (Groups  IV  and  V)  only  iodine  Talues  were  de« 
temined  for  most  of  the  samples  during  the  third  series* 

In  Series  2,  iodine  numbers  of  butterfat  produced  on  ration 
B  (reui^iage  17  per  cent  pellets)  averaged  higher,  for  two  of 
three  periods,  ttian  for  ration  D  (control).  In  Series  5,  when 
86  par  aeiit  of  the  roughage  was  dehydrated  alfalfa  pellets 
tration  F),  the  iodine  number  of  the  butterfat  averaged  hif^er 
in  all  three  periods  than  for  butterfat  produced  on  ration  D» 
fhe  average  iodine  numbers  for  the  Groups  IV,  V,  VI,  and  VII 
ware  26.7,  25.2,  29.1,  and  28.9  respectively. 

The  significance  of  difference  in  iodine  nunbers  of  the 
first  double  reversal  tests  (Series  2)  was  tested  by  the  "P* 
test  of  Snedecor  (22).  Table  12  uses  values  from  the  final  week 
of  each  period  rtiile  Table  IJ  uses  the  average  of  all  available 
values  for  the  last  three  weeks  of  each  period,  in  either  table 
the  "F*  value  found  was  much  leas  than  needed  for  signif ioanoa 
at  the  6  per  cent  level.  For  Series  3,  similar  studies  of  the 
significance  of  differences  in  iodine  numbers  were  made  for  the 
intervals  shown  in  Tables  14  to  18.  Only  for  the  fifth  or  final 
week  did  the  test  show  a  difference  that  was  barely  significant. 
The  "t"  test  as  applied  to  group  averages  in  both  Series  2  and  8 
did  not  indicate  a  significant  difference.  The  results  of  the 


27 
fourth  «erio«  (Table  9)  do  not  require  ah  Interpretative  table. 
Iodine  noBilft^rs  for  both  groups  of  eows  were  high  when  they  were 
on  paeture.  However,  when  Oroup  IX  was  fed  ration  J  (chopped 
dehydrated  alfalfa)  the  iodine  nasiber  did  not  drop  as  low  aa 
iraauee  for  Group  VIII  in  whieh  8un*oured  hey  was  fed.  When 
Group  VIII  was  fed  dehydrated  alfalfa  hay  the  Iodine  numbers 
were  increased.  Similarly,  when  Group  IX  was  fed  sun-ourod 
alfalfa  hay  the  iodine  numbers  decreased.  This  indicates  that 
dehydrated  alfalfa  hay  tends  to  prevent  the  decline  in  iodine 
wssSbve  When  eows  are  removed  frota  pasture. 


28 

Table  12. 

Slgnlf loanoe  of  dlfferenee 

In  iodine 

numbers  due 

to 

feeding  dehydrated  alfalfa  pellets. 

"F"  test*  for 

final  weeks  of  Series  2. 

t 

t 

t           Weeks 

t        t 
tComparlsoni 

1    6    :    11    t 

16 

OrouDt  Cow 

t    a    t    b     t 

0 

I  a-2b-*«  J 

Sum 

Ration  D    Ration  B 

Ration  D 

152 

55 .2      27.9 

22.8 

0.0 

164 

51.6      29.6 

10.6 

-17.0 

IV    270 

50.2      52.4 

26.6 

•  8.0 

318 

25.6      26.0 

25.4 

•  5.0 

594 

26.0      21.0 

24.8 

8.8 

496 

27,4      24.8 
Ration  E   Ration  D 

17.7 

Ration  1 

•  4.5 

-25.7 

268 

26.0      21.8 

22.0 

4.4 

128 

52.1       50.0 

25.1 

-  2.8 

V    160 

29.8      50.7 

19.2 

«12.4 

508 

24.6      25.2 

18.9 

.  6.9 

991 

24.6      22.6 

26.2 

5.6 

491 

28.0      18.7 

27.9 

18.6 

6.4 

•  p  a  0. 

»785 

F  for 

5  per  cent  level  "  4.96 

29 


Table  : 

L3. 

Significance 

)   of  difference 

in  iodine 

nvtmbers  due  to 

reading  dehydrated  alfalfa  pellets* 

"F"  test*  for 

fiwa 

three 

weeks  of  Series 

1  2. 

1 

1 

Weak! 

t                     t 

t 

t 

6 

s   10-11   : 

14-16-16 

sCcmparisont 

trouDt 

Cow 

s 

a 

I         b    t 

a 

:  a»2b+c  s  Sttm 

Ration  0 

Ration  E 

Ration  D 

152 

35  .S 

28.9 

88.5 

5.9 

164 

51.6 

32.5 

86.8 

•  7.8 

IV 

270 

30,2 

52.4 

89.9 

•  4.7 

S18 

25.6 

25.6 

84.6 

•  1.0 

S94 

26.0 

23.0 

86.7 

5.7 

496 

27.4 

84.4 

83.0 

1*6   -  8.5 

Ration  8 

Ration  D 

Ration  B 

M8 

26.0 

22.5 

83.9 

5.5 

188 

52.1 

29.7 

88.7 

1.4 

? 

160 

29.8 

89.8 

se,8 

-  1.8 

508 

24.6 

85.9 

88.t 

-  0.6 

391 

24.6 

81.5 

85.8 

7.8 

491 

28.0 

81.6 

88.4 

15.2    25.3 

•p 

■  2, 

15 

F 

for 

5  per 

cent  lerel  ■  4.96 

80 

Table  : 

L4. 

Significance  of  difference  in  iodine 

numbers  due  to 

feeding  dehydrated  alfalfa  pelleto. 

"F"  test*  for 

first  weeks  of  Series  3* 

t 
t 

1           Weeks 

t 

1 
[^onparisons 

t    18     J    25    1 

28    t( 

ffPffaai 

Cow 

:    a     t    t>    1 

0    t 

a-2b+o  I  Sioa 

Ration  D   Ration  F 

Ration  D 

271 

25.9      29,7 

80.7 

-2.8 

275 

26.2      50.6 

29.7 

-5.8 

VI 

300 

25.0      21.4 

25.4 

5»e 

801 

28.7      27.6 

28.9 

8Ui 

S94 

26.0      26.4 

25.8 

-1.0 

495 

52.4      52.8 
Bation  F   Ration  D 

89  .4 
Ration  F 

-5.8     *  4«9 

591 

24,0      24,8 

25.9 

-0.7 

275 

28.9      24.6 

25.8 

6.0 

VII 

875 

25.6      26.8 

25.2 

-2*8 

805 

24.0      25.0 

24.4 

2.4 

270 

28,4      26,6 

52.9 

8.1 

496 

24.0      26,4 

29.7 

0.9     12.9 

*P 

»  1, 

.71 

F 

for 

5  per  cent  level  »  4.96 

31 

Tabl«  15* 

Slgnifioanoe 

of  differenee  in  iodine  numbers 

due 

to 

feedlzig  deh:^rated  alfalfa  pellets. 

"F"  test*  for 

third  weaks 

of  Series  5. 

1 

t 

Wai?kf 

J 

} 

t 

1    20 

}    25    t 

SO 

tContpariaont 

1    a 

i         b    : 

0 

J  a-2b-^o 

t 

Sum 

Ration  D 

Ration  F 

Ration  D 

140 

50,4 

82.0 

52.9 

-  0.7 

275 

25.0 

»0.2 

29.5 

-  6.1 

VI    800 

24.2 

20.6 

27.4 

10.4 

501 

29,8 

27.4 

56.8 

10.5 

394 

26.4 

27.5 

55.6 

5.0 

495 

56,0 
Ration  P 

22.9 
Ration  P 

59.8 
Ration  P 

50.0 

48.9 

155 

50.7 

26.7 

89.8 

7.1 

275 

28.4 

25.6 

26.7 

5.9 

VII    575 

26.2 

25.4 

50.0 

6.4 

505 

25.4 

84  •& 

26.1 

0.6 

270 

50.6 

27.8 

58.9 

16.1 

496 

27.4 

41.4 

50.0 

-25.4 

6.6 

*  P  "  0. 

86 

P  for 

5  par  oent  level  «  4.96 

82 


Table  16,  Slgnifleaxiee  of  difference  In  iodine  mimberB  due  to 
feeding  dehydrated  alfalfa  hay.  "P"  teat*  for 

fourth  weeks  of  Series  5. 


t 

t 

Weeks 

i                     t 

'tComparisont 

1 

t    21 

t    26 

t    51 

flf^UPI 

Cow 

t         a 

1    b 

s    c 

t  a-2b+o  t 

Sum 

Ration  D 

Ration  P 

Ration  D 

140 

27.0 

28*9 

50.6 

-  0.2 

271 

29.4 

t6.2 

45.4 

20.4 

VI 

275 

52.4 

27.5 

88*6 

11.5 

501 

26.8 

89  .4 

41.7 

9.1 

894 

24.4 

88.6 

SS.4 

•  0.4 

495 

51.4 
Ration  F 

52.8 
Ration  D 

88.5 
Ration  P 

6.1 

46.8 

155 

28.9 

26.4 

81.8 

7.4 

891 

25.1 

84.8 

82.0 

8.7 

VII 

275 

S9.1 

28.2 

51.7 

4.4 

505 

28.7 

22.2 

52.2 

10.6 

270 

?0.6 

50.0 

88.7 

9.5 

496 

26.9 

25.8 

51.5 

6.8 

47.1 

P  •  0.01 

F  for  5  per  cent  level 


4.96 
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Table  17. 

Significance 

of  difference  in  iodine 

numbers  due 

>  to 

feeding  dehydrated  alfalfa  pellete« 

"P*  test*  for 

final  weeks 

of  Series  5. 

t 
1 

t 

Veeks 

J                       1 

*iCompari8ont 

i         22 

1    27    1    52 

GrouDt  Cow 

t    a 

t    b    t    e 

-L 

a»2b+c  : 

Sum 

Ration  D 

Ration  P   Ration  D 

140 

27.4 

80.1      51.6 

-  1.5 

271 

30.5 

54.5      54.5 

•  4.4 

VI    273 

26.5 

29.0      55.2 

0.7 

500 

25.2 

24.5      27.9 

4.5 

501 

26.4 

26.7      27,7 

0.7 

394 

26.7 

27.6      28.9 

0.6 

496 

52.6 
Ration  P 

51. 5      29.1 
Ration  D   Ration  P 

-  0.9 

•  0.1 

156 

29.0 

«e.7      52.7 

8.5 

591 

26.6 

t8«t       51.2 

1.3 

VII    275 

27.8 

26.8      51.5 

6.5 

573 

26,8 

27.5      29.5 

1.5 

506 

25.5 

24.7      26.4 

2.5 

270 

56.2 

50.4      89*1 

14.5 

496 

25.0 

26.9      30.5 

-  0,5 

33.9 

♦  P  «  4. 

72 

P  for 

5  per  eent  level  ■  4.75 

84 

Table 

L8. 

Slgnlfieanee  of  dlfferanoee  in  lodlna  nnnibart  due  to 
faadlng  dahydratad  alfalfa  pellets.  "P*  taat*  foy 
final  ttaraa  weeks  of  Series  3. 

t 
t 

Group  t 

Cow 

: 

Weeks 

'xCoojparlsont 
1  a»8b-H:>  t 

sm 

t  20»21-22 
t    a 

1  85-26-27  J 
t    b    ! 

30-31-82 

e 

Ration  D 

Ration  P 

Ration  D 

VI 

140 
271 
273 
800 
801 
894 
496 

28.3 
28.9 
27.6 
23.8 
27.5 
25.8 
83.5 

Ration  F 

30.4 
30.3 
28.8 
88.5 
27.8 
87.9 
8S.8 

Ration  D 

81  •? 
41.1 

32.0 
27.9 
84.9 
81.6 
86.7 

Ration  P 

•  0.8 
9.4 

8.0 
6.7 
6.8 
1.6 
11.4 

37.1 

VII 

> 

156 
391 
875 
873 
505 
270 
496 

89.5 
25.3 
28.4 
26.5 
23.8 
88.5 
25.8 

86.6 
85.9 

26.7 
26.8 
23.8 
29.2 
81.4 

51.3 
31.8 
29.9 
50.4 
28.2 
88.9 
80.6 

7.6 
5.8 
4.9 
4.8 
4.4 
18.0 
•  6.4 

83.1 

•  p 

F 

«  0. 
for 

04 

5  per  cont  level  »  4.75 

1 

85 

Diff«r«ziee8  in  th«  iodine  niMber  of  butterfats  froa  raw  and 
pa«teuris«d  milk  av«  wuuBiiwd  by  Snedeoor's  "t^  test  in  Tables 
19  to  22,  Only  in  Table  20  for  week  eleven  of  the  feeding  ex- 
pariment  was  there  a  signif leant  differenoe  in  average  iodine 
ansber  of  butterfat  from  raw  or  pasteurized  milk*  In  this  com- 
parison the  raw  samples  had  the  higher  average  iodine  number. 
In  Table  22  the  iodine  numbers  from  raw  samples  averaged 
slightly  less  than  from  pasteurised  samples.  This  differenoe 
was  not  signif  leant  and  the  three  ocsaparisons  in  Tables  19,  20, 
and  21  indicate  no  consistent  significant  difference.  For  sam- 
ples collected  during  the  sixth,  eleventh,  and  twenty-fourth 
weeks,  butterfats  from  raw  and  pasteurized  milk,  stored  three 
mont^bs,  had  respective  average  iodine  numbers  of  28.69  and 
28.26,  29  «16  end  26.21,  27.45  and  28.13.  For  fresh  fat  saraplea 
trtm  the  twenty-fourth  weak  similar  values  were  27.18  and  27.25. 


•V .' 


36 


Tabl«  19. 


Signlfioanee  of  mean  diffarenoe,  "t"  test*,  betwaea 
iodine  niimbara  of  butterfat  from  vkw   (R)  and  paateux** 
ixed  milk*  Samplea  ware  collected  during  the  aixth 
weak  and  a tor ad  three  montha* 


t 

6  (R> 

: 

6 

Cow 

t 

a 

; 

b 

Group  IV 

162 

34  .2 

55.2 

164 

55  .8 

51.6 

270 

50,5 

50.2 

918 

24.6 

25.6 

S94 

26,1 

26.0 

496 

27.8 

27.4 

a*b 


1.0 
2.8 

0.1 

-1.0 

0.1 

0.4 


Group  V 


268 

26.6 

26.0 

0.5 

128 

51.5 

52,1 

-0.8 

160 

51.6 

29.8 

1.8 

508 

25.0 

24.6 

0.4 

591 

24.5 

24.6 

-0.3 

491 

26.8 

28.0 

0.8 

Total 

544.9 

559.1 

Xaan 

28.692 

28.258 

X  «■  0.455 

t  »  1.S91 

t  for  5  per  cent  level  »  2.201 


57 


Table  20.  Significance  of  mean  difference,  "t*  teet*,  between 
iodine  numbere  of  butterfat  frcan  raw  (R)  end  paeteur* 
ised  milk.  Samplee  were  collected  during  the 
eleventh  week  and  stored  three  months. 


t 

"ulffT 

s 

11 

1 

Cow 

t 

a 

t 

b 

t 

a-b 

Group 

IV 

152 

53.2 

27.9 

5.5 

164 

54.1 

29.6 

4.5 

270 

89*7 

52.4 

-2.7 

594 

27.8 

21.0 

6.8 

496 

26.0 

24.8 

1.2 

Group  V 


268 
128 
160 
808 
491 

24*8 
tSB«0 

50.8 
85.8 
88.0 

21.8 
50.0 
50.7 
25.2 
18.7 

5.0 

2.0 

0.1 

0 

9.8 

Total 

291.6 

26S.1 

Mean 

29.16 

26.21 

X  a  2.96 

t  "  2.601 

t  for  5  per  cent  level  »  2.263 
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Table  21. 

Significance  of 

acan  difference,  "t" 

test*,  between 

Iodine  ntmibera  of  butterfat  from  raw 

(H)  and  pasteur- 

ised  milk* 

Samples  were  collected  during 

the  twenty- 

fourth  week  and 

stored  three  months* 

1 

34 

t 

24  (R) 

1 

Cow 

I 

a 

t 

b 

t 

a-b 

Oroup  VI 

140 

91*8 

50.7 

1.1 

271 

51.0 

51.6 

-0.6 

275 

29.6 

28,0 

1.6 

500 

25.1 

24.8 

-1.7 

501 

55.1 

50.6 

2.5 

594 

50.1 

29.0 

1.1 

495 

29.9 

Group  VII 

29.4 

0.5 

165 

27.8 

26.5 

1.5 

591 

24.9 

25.7 

1.2 

276 

27.6 

26.2 

1.4 

575 

25.1 

25,6 

1.5 

505 

25.0 

25.2 

-2.2 

270 

50.4 

50.2 

0.2 

496 

Total 

26.4 
595.8 

25.0 
584.5 

1.4 

U—n 

28.15 

27.45 

X 

«  0.6786 

*  t  «  1 

.908 

t  for 

5  per  cent 

level 

«  2.160 

Table  22,  Significance  of  mean  difference,  "t"  test*,  between 
iodine  numbers  of  butterfat  fr<»a  raw  (R)  and  pasteur* 
ised  milk*  Samples  were  colleoted  dxiring  the  twenty- 
fourth  week  and  analysed  without  storage* 


t 

24 

t 

24  (R) 

t 

Cow 

t 

* 

1 

b 

t     a-b 

Group  VI 

140 

30.5 

30.6 

-0.1 

271 

32.1 

31.2 

0.9 

275 

28.4 

88.8 

0.2 

300 

28.0 

tS.8 

4.2 

301 

87.8 

30.2 

-2.4 

394 

89.6 

28.4 

1.2 

495 

25.2 

30.5 

-5.1 

Oroup  VII 

155 

26.8 

26.2 

0.6 

391 

23.6 

23,5 

0.3 

275 

25.2 

26.4 

-1.8 

373 

25.6 

88,8 

2.8 

305 

23,4 

84.8 

-1.4 

270 

29.7 

29.2 

0.5 

496 

25.4 

24.9 

0.5 

Total 

381.5 

380.5 

Mean 

27.25 

27.1786 

"i  =  0.0714 

*  t  •  0.121 

t  for 

b  per 

cent  level 

«  2.160 

40 


Xodin«  noBbApa  with  and  without  mercuric  acetate  catalyst 
are  compared  In  Table  2S«  Snedecor's  **t'*  teat  indicated  no 
aignif leant  difference.  For  the  82  samples  compared,  the  arer* 
age  iodine  nunbera  were  50,17  without  catalyst  and  50.58  with 
catalyst.  l%e  in^senoe  of  1  ag  catalyst  per  sample  did  reduce 
the  reaction  time  to  one  minute  as  found  for  most  other  fats  by 
BaidMm  and  Klee  (7). 

The  standard  deviation  within  5S4  pairs  of  duplicate  de» 
texmlnationa  including  orer  60  rejected  and  repeated  was  0.84 
unit.  From  the  last  344  pairs  the  standard  deviation  within 
pairs  of  duplicates  was  fotmd  to  be  0.55  unit. 
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SUUfART 

Wh«n  alfalfa  pallets  ware  fad  to  dairy  eows  aa  the  sola 
yoa|0ULga  the  RalchertoHelssl  number  of  butterfat  waa  lowered  and 
the  iodine  nuttiber  Inoreased  as  eoniMtrad  with  a  roughage  of 
alfalfa  hay.  After  a  rerersal  in  feed  the  iodine  numbers  changed 
■moh  sore  quickly  than  the  RelchertoMelsel  numbers.  Feeding 
oowa  dehydrated  alfalfa  pellets  aa  17  per  cent  of  their  roughage 
did  not  change  the  Keichert-Melssl  or  iodine  numbers  of  their 
butterfat.  Howerer,  sben  pellets  were  Inoreased  to  55  per  cent 
of  the  roughage,  a  significant  Increase  in  iodine  numbers, 
aYeraging  2^48  units,  was  observed*  Dehydrated  alfalfa  pre- 
vented to  a  considerable  extent  the  decrease  in  iodine  number 
imen  cows  were  removed  from  paature.  Ho  significant  change  In 
Iodine  numbers  was  cauaed  by  storing  butter  oil  from  raw  or 
pasteuriaed  milk  at  6*>  C,  for  three  months.  The  use  of  one  mg 
of  mercuric  acetate  per  thirty  mg  fat  reduced  the  reaction  time 
with  pyridine  s\ilfate  dibranlde  reagent  from  15  minutes  to  1 
minute  but  did  not  change  the  iodine  numbera* 
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In  a  study  to  determine  the  effects  of  feeding  dehydrated 
alfalfa  pellets  upon  the  fat  constants  of  butterfat  from  pasteur- 
ised milk,  a  total  of  nine  rations  were  fed  in  four  series  of 
experiments  to  dairy  cows*  In  Series  1  chopped  sun-cured  alfalfa 
hay,  dehydrated  alfalfa  pellets,  and  a  mixture  of  hay  and  pellets 
(control)  was  fed  as  the  sole  roughage*  A  single  reversal  feed* 
ing  experiment  was  used  to  compare  the  rations.  The  roughage  for 
Series  2  consisted  of  silage  and  chopped  sun-cured  alfalfa  hay 
(control)  or  dehydrated  alfalfa  pellets  aa  17  per  cent  of  the 
rotti^ge*  During  Series  S  a  similar  ration  was  used  in  which 
about  35  per  cent  of  the  roughage  was  dehydrated  alfalfa  pellets. 
In  both  Series  2  and  S  double  reversal  feeding  trials  were  used 
to  compare  the  rations.  For  Series  4  the  roughages  were  composed 
of  pasture,  chopped  sun-cured  alfalfa  hay,  and  chopped  dehydrated 
alfalfa.  In  all  series  a  grain  mixture  consisting  of  corn,  oats, 
bran,  soybean  oil  meal,  salt,  and  bone  meal  was  fed  to  the  cows. 

As  the  sole  roughage  alfalfa  pellets  decreased  the  Reiohert- 
Meissl  number  and  increased  the  iodine  number  when  compared  with 
a  roughage  of  alfalfa  hay.  After  a  reversal  in  feed  the  iodine 
niffliber  changed  much  more  rapidly  than  the  Reichert-Meissl 
numbers • 

No  change  in  the  fat  constants  was  observed  when  alfalfa 
pellets  were  fed  as  17  per  cent  of  the  roughage* 

When  S5  per  cent  of  the  roughage  was  alfalfa  pellets  an  in- 
crease in  the  iodine  number  was  observed. 
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In  I?erle8  4  the  effects  of  machine  dehydrating  without 
grinding  wae  atudled.  Iodine  nvrabers  for  the  cows  were  high  when 
they  were  on  pasture*  Results  from  this  study  Indicate  that  de» 
hydrated  alfalfa  hay  prevents  most  of  the  decrease  In  Iodine 
number  when  the  cows  were  reaiOTed  from  pasture. 

On  three  occasions  during  the  experiment  both  raw  and  pas- 
teurized milk  samples  were  collected.  Iodine  numbers  were  de- 
termined for  fresh  and  stored  samples*  When  the  butterfat  was 
stored  for  three  months  the  Iodine  numbers  were  sooiewhat,  but 
not  significantly  higher. 

Iodine  numbers  of  82  samples  were  determined  with  and  with- 
out mercuric  acetate  as  a  catalyst.  The  average  Iodine  number 
■aapiles  determined  with  merciirlo  acetate  catalyst  was  about  0*4 
unit  higher  than  iodine  numbers  determined  without  catalyst. 
The  catalyst  reduces  the  reaction  time  from  15  minutes  to  1  min- 
ute without  a  significant  change  In  iodine  numbers. 

The  standard  deviation  within  554  pairs  of  duplicate  sample 
determinations  including  over  50  rejected  results  was  0.84  unit. 
For  the  last  M4  pairs  of  determinations  the  standard  deviation 
within  duplicates  was  0*55  unit. 


